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(57) Abstract 

An apparatus for plating conductive film on semiconductor wafer includes a stacked glue layer deposition chamber (310), a stacked 
pre-surface treatment chamber (312), five stacked plating baths (300, 302, 304, 306, 308), three stacked cleaning/dry chambers (314, 316, 
318), robot (322), wafer cassette (321, 322), electrolyte tank (36) and plumbing box (330). The adhesion of metal plated directly on a 
barrier layer is enhanced by either pretreatment using plasma, ion irradiation, liquid or vapor phase etching by deposition of a glue layer, 
or by a combination thereof. 
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WO 99/531 19 PCT/US99/07906 

METHOD AND APPARATUS FOR ENHANCING ADHESION BETWEEN 
BARRIER LAYER AND METAL LAYER FORMED BY PLATING 

Technical Field of the Invention 

This invention relates to a method and apparatus for enhancing adhesion between barrier 
layer and metal layer formed by plating. 

Background of the Invention 

As semiconductor device feature continues to shrink according to the Moore's 
law, the interconnect delay is larger than device gate delay for 0.18 ^m generation device 
if aluminum (Al) and Si 02 is still being used. In order to reduce the interconnect delay, 
copper and low k dielectric are possible solution. Copper/low k interconnects provide 
several advantages over traditional Al/Si02 approaches, including the ability to 
significantly reduce the interconnect delay, while also reduce the number of level of 
metal required, minimizing power dissipation and reducing manufacturing costs. Copper 
offers improved reliability in that its resistance to electromigration is much better than 
aluminum's. A variety of techniques have been developed to deposit copper, ranging 
from traditional PVD and CVD techniques to new electroplating methods. PVD Cu 
associates with cusping problem, which results in void when filling small gap (<0.18 Jim) 
with a large aspect ratio. The CVD Cu has high impurity incorporated inside, the film 
during deposition, which needs a high temperature annealing to drive out the impurity in 
order to obtain a low resistivity Cu film. Only the electroplating Cu can provide both low 
resistivity and excellent gap filling capability at the same time. Another important factor 
is the cost, the cost of the electroplating tool is two third or half of that of PVD and CVD 
tool. Also, low process temperature (30 to 60 °C) of the electroplating Cu is mostly 
favored by low k dielectric (polymer, xerogels and aerogels) in succeeding generation of 
device. 
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Summary of the Invention 

It is an object of the invention to provide a novel method to enhance the adhesion 
between barrier layer and metal layer being plated. 

It is a further object of the invention to enhance adhesion between barrier layer 
and the plated metal layer by pre-surface treatment. 

It is an additional object of the invention to enhance adhesion between barrier 
layer and the plated metal layer by pre-surface treatment through plasma. 

It is a further object of the invention to enhance 'adhesion between barrier layer 
and the plated metal layer by pre-surface treatment through ion irradiation. 

It is a further object of the invention to enhance adhesion between barrier layer 
and the plated metal layer by pre-surface treatment through chemical vapor exposure. 

It is a further object of the invention to enhance adhesion between barrier layer 
and the plated metal layer by pre-surface treatment through dipping into chemical liquid. 

It is a further object of the invention to enhance adhesion between barrier layer 
and the plated metal layer by inserting a glue layer. 

It is a further object of the invention to enhance adhesion between barrier layer 
and the plated metal layer by inserting a glue layer deposited through chemical vapor 
deposition (CVD). 

It is a further object of the invention to enhance adhesion between barrier layer 
and the plated metal layer by inserting a glue layer deposited through physical vapor 
deposition (PVD). 
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plasma, ion irradiation, chemical vapor exposure, or chemical liquid dipping; and 2) 
plating metal film on the treated surface; and 3) cleaning and drying the wafer. 

Method 2; Otoe Layer Deposition then Plating Metal Film 

In the further aspect of the invention there is provided another method for 
enhancing adhesion between barrier layer and the plated metal layer, compromising: 1) 
depositing a glue layer on the barrier layer by using CVD method, PVD method, 
electroplating method, or electroless plating method; and 2) plating metal film on the glue 
layer; and 3) cleaning and drying the wafer. 

Method 3: Glue Layer Deposition. Pre-surface Treatment, and then Plating Metal Film 

In the further aspect of the invention there is provided another method for 
enhancing adhesion between barrier layer and the plated metal layer, compromising: 1) 
depositing a glue layer on the barrier layer by using CVD method, PVD method, 
electroplating method, immersion plating method, or electroless plating method; and 2) 
performing pre-surface treatment to the glue layer by using plasma, ion irradiation, 
chemical vapor exposure, or chemical vapor dipping; and 3) plating metal film on the 
treated glue layer; and 3) cleaning and drying the wafer. 

Apparatus 1 : Pre-surface Treatment Module combining with Plating Module and 

Cleaning/Prying Module 

In the further aspect of the invention there is provided a apparatus for plating thin 
film directly on a substrate with a barrier layer on top, compromising: pre-surface 
treatment module; plating modules, cleaning/drying modules, wafer cassettes, wafer 
transferring system, and control hardware and software. 
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Fig. 6 shows top and side cross-sectional views of plating system of this invention 

« 

DESCRIPTION OF PREFEED EMBODIMENT 

1. Pre-surface Treatment 

Fig. 1 shows process flow of enhancing adhesion through pre-surface treatment in 
accordance with the present invention. The pre-surface treatment is performed after 
barrier layer formation and prior to plating step. There are four types of pre-surface 
treatment as shown in Fig. 2. 

Plasnja Treatment 

The surface of barrier layer can be activated through plasma exposure. For TiN, and TaN, 
gas for generating plasma can be chosen from SF 6 , C 2 F 3 , Ar, and C12. The central i4ea is 
to generate activation sites or dangling bond through physical and chemical bombardment 
on the surface. The bias voltage, plasma density, and exposure time can be varied to 
achieve high density of activation sites and lowest damage to barrier layer. Plasma 
sources can be chosen from low-pressure plasma, high-density plasma, and silent 
discharge plasma. 

Example 1 

Plasma source: low-pressure plasma source, pressure range 0.05 to 1 torr 
Gas: Ar, flow range: 1 to 100 seem; SF6 range: 1 to 10 seem 
Plasma power: 1 00 Watts to 500 Watts 
Treatment time: 10 seconds to 100 seconds. 
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Exampje2 

Ion source: Kaufinan ion source 
Ion:Cu + 

Ion energy: 100 eV to 5000 eV; i 
Ion dose: 1xE14 to 1E19 ions/cm 2 
Irradiation vacuum: lxE-4 to lxE-8 Torr 

I 

Chemical V Rn o r Tr^^ 
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Example 3 



Vapor: HC1 

Vapor flow rate: 1 to20slm 
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Substrate temperature: 20 °C to 500 °C 
Exposure time: 20 seconds to 200 seconds 
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Chemical Liquid Pippmg 

Instead of chemical vapor exposure, chemical liquid dipping can be used to activate the 
surface of barrier layer. Similarly, the objective is to generate activation sites or dangling 
bond through chemical reaction or etching. Chemicals can be chosen from HF, HC1, and 
any other chemicals, which can generate activation or nucleation sites on surface of 
barrier layer. The chemical concentration, solution flow speed, and dipping time are 
variables to control the nucleation density, surface etching rate. 

i 

Example 4 

Chemical solution: HG1, 5 to 20% 

i 

Temperature of solution: 20 °C to 80 °C 
Dipping time: 30 seconds to 10 minutes 

Combination of above Methods . 

Barrier layer surface can be treated by combination of above methods for obtaining 
optima results. For instance, plasma treatment first, then chemical vapor exposure, or 
plasma treatment first, then chemical liquid dipping, or chemical exposure first, then 
plasma treatment, or chemical liquid dipping first, then ion irradiation. 

2. Inserting Glue Layer 

In order to enhance the adhesion between barrier layer and metal layer being plated, the 
glue layer can be inserted between the barrier layer and the metal layer. The glue layer 
itself has a gobd adhesion with both barrier layer and metal film. Most of glue layers are 
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selected from metals and their alloys. There 
follows. 
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are two category of glue layer described as ' 



The centra, idea is to use immersion plating to enhance the adhesion between the glue 

Piece 1S immersed h a solutjon Qf copper ^ . t . noHced ^ ^ ^ ^ ^ 
-thalayerof copper metal. This is because that the electrode potential for Zinc is more 
form 10 ns in solution. The zinc atoms drive the copper ions out of solution to form 

called immersion plating. 



The process sequence is first to put a thin g,ue layer (less than 50 nm) on the bamer.layer 
(ormstanceTi>Obyusing^^^^ 

electroless plating method as shown in Fig. 4. Then to dip the wafer into copper salt 

by Copper. The coatings are extremely thin (less than 25 nm)andcan not be built up 
smce further displacement ceases once the substrate surface is covered with Cu The ' 
standard electrode potentials of some metals are shown in following Table 1 



Table 1 St andard Electrode Potentials (In Volts) 

Potassium (K + ) ^92" 

Sodium (Na + ) .2.71 

Magnesium (Mg 2 *) .2 37 

Aluminum (Al 3+ ) .{ 61 

Manganese (Mn 2+ ) .1 \g 

Zinc(Zn 2+ ) _ 0 ; 76 

Chromium (Cr 3 *) .q.74 



Iron (Fe 3+ ) 
Hydrogen (IT) 
Tin (Sn 4+ ) 
Antimony (Sb 3 *) 
Bismuth (Bi 3+ ) 
Copper (Cu 2+ ) 
Copper (Cu + ) 



-0.04 

0.00 

+0.01 

+0.15 

+0.20 

+0.34 

+0.52 
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Iron (Fe 2+ ) 
Cadmium (Cd 2+ ) 
Indium (In 3+ ) 
Cobalt (Co 2+ ) 
Nickel (Ni 2+ ) 
Tin (Sn 2+ ) 
Lead (Pb 2+ ) 



-0.44 
-0.40 
-0:34 
-0.28 
-0.25 
-0.14 
-0.13 



Rhodium (Rh 3+ ) 
Mercury (Hg 2 *) 
Palladium (Pd 2+ ) 
Platinum (Pt 2 *) 
Gold (Au 3+ ) 



Gold(Au + ) 



Silver (Ag + ) 



+0.80 

+0.80 

+0.85 , 

+0.99 

+1.20 

+1.50 

+1.68 



In principle, all metals having lower electrode potential than that of copper can used to 
form glue layer, however, considering low resistivity, low diffusivity, Aluminum, Zinc, 
Nickel, Chromium, and their alloys with other metals are preferred. 

Example 4 

Glue layer: Ni, thickness of 20 nm, deposited by PVD. 

Immersion plating solution: copper sulfate: 67 g/L, sulfuric acid: 170 g/L 

Temperature: 20 6 C to 15 °C 

Immersion plating time: 1 0 to 100 seconds 

i 

■ i 

Metal or Allov having Higher Electrode Potential than that of Copper 

The central idea is to put metal having higher electrode potential on barrier layer to 
enhance the adhesion between barrier layer and copper. The glue layer can be chosen 
from Silver, Rhodium, Palladium, Platinum, Titanium, Tantalum, Gold and their alloy. 
The glue layer deposition method can be CVD, PVD, electroplating, or electroless plating 
as shown in Fig. 4. The thickness of glue layer is in the range of 2 nm to 100 nm, and 
preferred 10 nm to 50 nm. 

3. Glue Layer plus Pre-Surface Treatment 

Some glue layers are easily oxidized or their surfaces are too smooth. In order to obtain 
good adhesion, the oxidized layer should be taken away and surface should be roughed 
prior to copper plating. For example, aluminum, stainless steel, and chromium have 
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added into sulfuric bath HP1 in tK- j • , 

v-oaui.Hu in the bath dissolves the Ti02 film afivrri,- ■ • 



Example 5 ' 

' • i* ■ ■ . 

Glue layer: 20nm Ni deposited by PVD 
Dipping liquid: 5 to 20% HC1 
Dipping time: 1 to 10 minutes 

Dipping liquid temperature: 20 °C to 80 °C 

Example 6 

Glue layer: 20 nm Ti deposited by PVD 
Dipping liquid: 5 to 20% HC1 
Dipping time: 1 to 10 minutes 
Dipping liquid temperature: 20 °C to 80 °C 
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4. System Architecture Design (Stacked Structure) 

Fig. 6 is a schematic view of one embodiment of the plating system for plating 
conductive film on semiconductor wafer in accordance with the present invention. It is a 
stand-alone, fully computer controlled system with automatic wafer transfer, cleaning 
module with wafer dry-in and dry-out capability. It consists of one stacked glue layer 
depostion chamber 310, one stacked pre-surface treatment chamber 312, five stacked 
plating bathes 300, 302, 304, 306, 308, three stacked cleaning/dry chambers 314, 316, 

318, robot 322, wafer cassette 321, 322, electrolyte tank 36 and plumbing box 330. 

• ... 

Plating bath 300 consists of anodes, power supplies, cylindrical wall or tube, wafer 
chuck, driving means to rotating or oscillating wafer during plating process. Electrolyte 
tank 36 includes temperature control set. Pluming box 330 consists of pump, LMFCs, 
valves, filter, and plumbing. The plating system further consists of computer control 
hardware, and operation software package. Operation process sequence is described as 
follows: 

Wafer plating pperatiQn sequent 

Step A: Load wafer cassette 320, 321 by manual or robot. 

Step B: Select recipe and push run button 

Step C: Control software start to initialize the system including checking all system 
parameters within specification, and no any alarm existing in the system. 

Step D: After completing the initialization, robot 322 picks up a wafer from cassette 320 
or 32 1 and send to glue layer deposition chamber 310. 

i 

Step E: Deposit glue layer on the wafer 
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chamber 310, and transport j< to p*.^ ^ jb _ 

Step O: Pafonn surface (reamem „ n ^ gllle , ayer 

3,T fiBishi ° 8 sur6tt ^ robo1 322 pick " - «* *°» -- — ■ 

312, and transport it to one of plating bathes (300, 302, 304, 306, or 308). 

Step I; Perform plating 

• • • . 

^^«'ooneofcleartn g ,dryingoh™ber ( 3,4,316,or3. 8 ) 
Step K: Cleaning the plated wafer. 

Step L: Dry the plated wafer through spin-fly and/or N, purge 
S,epM:Robo,322pic ks u T1 hedned„aferandu™po B1 „ cassetle 3 20or 3 21 

or ^ treatment chamber, ion irradiation chamber, chemical vapor exposure chamber 
or chemical liquid dipping chamber. ' 

c amber can be elirnh^., , e . ^ ^ ^ ^ 

^^- ft «'^»^- r con, ste .f pre .Le t J™ 
module, platmg modu i K md cleaning/diyjng 
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Instead of copper, the plating metal can be Silver, Aluminum, Gold, and their alloy with 
other metal. Plating metal also can be any other metal and alloy which can be used to 
form inteconnector in IC chip. 

Plating mentioned above can be electroplating, or electroless plating. 

It should be further apparent to those skilled in the art that various changes from and 
details of the invention as shown and described rtiay be made. 1 1 is intended that such 
changes be included within the spirit and scope of the claims appended hereto. 
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What is claimed fa 

plating, comprising: 

performing pre-surface treatment on barrier layer; and ; 
plating metal film on the treated surface. 

♦ 

4. Tie »»* of clai,, , ta which ^ pre . smface js jon 

5. ^^0fcto4»wMd.ll»i™ 1I ,^^^ CTjFliH , 

orthccombinationofboihHFimdHCI. 

9. ^emethodofclaimsmwlachthec^ 
or the combination of both HF and HC1 liquid. 

10. The method of claim 1 in which the plating method is the electroplating. 
1 1 • The method of claim 1 in which the metal film is copper film. 
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12. The method of claim 1 further compromises a step of cleaning and drying wafer after 
plating the wafer. 

13. A method for enhancing adhesion between barrier layer and metal layer formed by the 
plating, comprising: 

depositing a glue layer on the barrier layer; and 
plating metal film on the glue layer. 

1 4. The method of claim 1 3 in which the glue layer is deposited by using CVD method. 

15. The method of claim 1 3 in which the glue layer is deposited by using PVD method. 

16. The method of claim 13 in which the glue layer is deposited by using the 
electroplating method. 

17. The method of claim 13 in which the glue layer is deposited by using the electrpless 
plating method. 

18. The method of claim 13 in which the glue layer is deposited by using the immersion 
plating method. 

19. The method of claim 13 further compromises a step of cleaning and drying wafer 
after plating the wafer. 

20. A method for enhancing adhesion between barrier layer and metal layer formed by the 
plating, comprising: 

depositing a glue layer on the barrier layer; and 
performing pre-surface treatment on barrier layer; and 
plating metal film on the glue layer. 
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21 . The method of claim 20 ftrrther comprises a step of cleaning and drying wafer 
after plating the wafer. 



22. An eppanta, for plail)s „,„ ^ ^ ^ § ^ ^ ^ 

comprising: 

a pre-surface treatment module; and 
a plating module; and 
a cleaning/drying module 

23.Thea P paran K ofclah»22 «nt>*r comprises awafer cassette, a wafer transferring 
system, and a control hardware and software. 

"■^"PP-roaforpMngtonfthndiroeftyonasabsftatewimabame, layer on top 
comprising: 

a glue layer deposition module; and 
a plating module; and 

a cleaning/drying module 

25.rneapparoto S0 felaim24ftn1here O mpriseaa„afercaa S er«,a„aferria„ s ferring 
system, and a control hardware and software. 

comprising: * 

a glue layer deposition module; and 

a pre-surface treatment module; and 
a plating module; and 

a cleaning/drying module 
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27. The apparatus of claim 26 further comprises a wafer cassette, a wafer transferring 
system, and a control hardware and software. 
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